The role played by a southwestern Atlantic mangrove in the breeding activity of estuarine fishes was evaluated. This fish assemblage represented 85 % of the total catches of the experimental fishery surveyed between 1993 and 1997. To evaluate the maturation and spawning processes, qualitative (macroscopic stages of maturation) and quantitative (gonadosomatic index) attributes were considered which were combined in a reproductive activity index. Four types of occupation were found in the mangrove, according to the reproductive patterns presented by each species. It was estimated that the Guaratuba mangrove is used as a spawning site -either regularly or occasionally -by about 40 % of the species, that make up 41 % to 46 % of the total abundance of this fish assemblage. However, besides the spawning species, the mangrove attracts other species at advanced stages of maturation. The use of mangrove habitat for reproductive activity by the species is 52 to 57 % of the total fish abundance. Spring and summer are the seasons most associated with the maturation and spawning processes. Although most of the assemblage is formed by species that do not permanently inhabit the system, the Guaratuba mangrove is a significant site for the life cycle of estuarine and marine species occupying this coastal region. © 2000 Ifremer/CNRS/IRD/É ditions scientifiques et médicales SAS reproduction patterns / mangrove / fish assemblage / migrant and resident species Résumé -Rôle de la mangrove pour la reproduction des poissons dans la baie de Guaratuba, Brésil. Le rô le joué par la mangrove d'une baie de l'Atlantique sud-ouest dans l'activité reproductive de la communauté de poissons a été étudié. Ces espèces représentent 85 % de l'abondance totale des pêches expérimentales entreprises de 1993 à 1997. Pour évaluer les processus de maturation et de ponte, les stades macroscopiques de maturation des gonades et l'indice gonadosomatique ont été considérés puis combinés en un indice d'activité reproductrice. Quatre modes d'occupation de la mangrove ont été répertoriés selon les modalités de reproduction de chaque espèce. La mangrove de Guaratuba est considérée comme un site de ponte, de façon régulière ou temporaire, pour environ 40 % des espèces constituant 41 à 46 % de l'abondance totale de l'assemblage. Cependant, à côté des espèces effectuant leur ponte dans la mangrove, ce milieu attire d'autres espèces dont le degré de maturation sexuelle est avancé. La contribution de la mangrove à l'activité reproductrice du peuplement de poissons s'élève à 52 et 57 % de l'abondance totale. Les processus de maturation et de ponte s'expriment principalement au printemps et en été. Bien que de nombreuses espèces n'occupent pas en permanence la mangrove de Guaratuba, celle-ci constitue un site d'accueil important pour les espèces habitant la région estuarienne et littorale. 
INTRODUCTION
Estuarine ecosystems are traditionally known as nursery areas important for the earlier phases of life cycles [26] of both estuarine-resident and temporaryresident species. In fact, even the populations that inhabit the coastal regions can use the mangrove and lagoon areas for breeding and spawning activities [2] .
The northern region of Guaratuba Bay, an estuarine system located in southern Brazil (25°52' S; 48°39' W), is occupied by a mangrove area with approximately 500× 10 4 m 2 , where 60 fish species were recorded from 1993 to 1997 [12] . It is known that some of them use this region during their maturing or spawning phases [8, 9, 15 -17] . However, the reproductive activity by the fish assemblage as a biological unit and the role played by the mangrove area have not been quantified. The present work aims to evaluate the fish community's reproductive pattern within the mangrove, using the Reproductive Activity Index (RAI) proposed by Agostinho et al. [1] .
MATERIAL AND METHODS
Samples were collected monthly from July 1993 to February 1997 using an otter trawl (20 mm mesh size), in the mangrove of Guaratuba Bay (figure 1). From the 60 species registered by Chaves and Corrêa [12] in this region, 18 were considered for this study (table I) . They represent 90 % and 85 % of the total abundance (total catches of fish in number and weight per trait of trawl net equalling 7 minutes long) in this study, as well as more than 75 % of the abundance registered from September 1993 to August 1996 in the same region by Chaves and Bouchereau [11] . These authors used the same method. Therefore, they constitute appropriate material for analysing the reproductive patterns of the fish assemblage. The reproductive patterns of nine species in this area were obtained in various literature reports; for the other nine species, the reproductive activity was assessed by the present research. In this latter group, the macroscopic stages of maturation (A, immature; B, developing; C, ripe; D, post-spawned) [27] and the histological indicators of a recent spawning (empty follicles) observed in the individuals, were analysed in each species.
Seventeen species were also analysed with respect to the RAI [1] . This index aims to combine, for each species, the qualitative data obtained by the number of mature females in a sampling unit with the quantitative ones obtained by the gonadosomatic average values. The use of logarithm minimises the effects of the difference between the size of the samples. This index is defined as: In Genidens genidens the gonad weight was not obtained, thus the RAI was not calculated for this species, and its reproductive activity was analysed only by qualitative observations.
RESULTS
Based on the literature ( Spring is the most frequent season associated with the reproductive activity in this assemblage. The species probably spawn during this season and also in summer, in or outside the mangrove. [18, 19] , and Menezes and Figueiredo [23, 24] ) and values of the Reproductive Activity Index (RAI). Species code: table I. Based on these results, the reproductive patterns of the Guaratuba fish assemblage can be classified into 4 types, two of them comprise spawning in the mangrove.
Type 1-Regular spawners. The spawning activity occurs regularly in the mangrove. The species are not necessarily resident in the region, but they always use it to spawn. The RAI is relatively high (3.3 -8.0), associating a great amount of individuals with an expressive proportion of spawning ones. Four species: S. rastrifer, B. ronchus, C. arenaceus and G. genidens (RAI unknown).
Type 2-Occasional spawners. The spawning activity in the mangrove is merely occasional. This region can be used to spawn, but there is no evidence that a great number of individuals in this group of species uses it. These species are not as abundant in the mangrove [11] Each type comprises 7 % (type 1), 7 % (type 2), 3 % (type 3) and 13 % (type 4) of 60 species registered in the region during the study period; 41, 5, 11 and 27 % of its total weight; and 38, 3, 11 and 37 % of its total number ( figure 3) . Therefore, the spawning activity in a regular or eventual frequency (types 1+ 2) concentrates on species that represent a minimum of 46 % (weight) or 41 % (number) of the stock that frequents the region. The participation in the reproductive process, in a larger sense (types 1 + 2+ 3), concentrates on species that represent at least 57 % (weight) or 52 % (number) of the total abundance.
Considering the reproductive features of some of these species, more specifically populations from the south-southwest of Brazil (table II) , it appears that they are generally multiple spawners, producing numerous, small eggs. It is assumed that they do not present any particular type of parental care. G. genidens, mouth-breeder species with a low fecundity, is an exception.
DISCUSSION AND CONCLUSION
We observed that, even if less than 50 % of the studied species spawn in Guaratuba mangrove and at an advanced stage of maturation. These results agree with those obtained by Albaret and Diouf [2] on the West African coast, showing that the participation of an estuarine system in the reproductive process of its fish assemblage does not only concern the resident species. On the contrary, it can be assumed that in Guaratuba Bay the major part of the species uses temporally the mangrove for their reproductive process, because they are either migrant or occasional visitors.
The Reproductive Activity Index presents a new, additional view for analysis of the data. In this study, the RAI associates the abundance of each species with the percentage of mature/spawning individuals, so it is possible to differentiate species that spawn regularly in this region (type 1) from those that spawn occasionally here (type 2). A similar differentiation was obtained with respect to the occurrence or inoccurrence of the maturation activity in the mangrove (types 3 and 4). The values of RAI suggest that small fish ( 5 350 mm) use mangrove areas for maturation and spawning more than the larger ones ( figure  2 ). However, it must be observed that the smaller species are also the most common in the mangrove [6] , a fact that increases their frequency among the spawning species. This fact can be understood by the natural disposition, presented by the smaller species, to live in estuaries [3] , as well as by the fact that the migrant species are, usually, larger than the resident ones [25] .
achieve their life cycle here, two factors make it an important site for the reproductive activity of fish. First, there is a large amount of fish that spawn in this area, with respect to the total assemblage, as the four type 1 species are placed among the six most abundant populations in this region (present data and also [11] ). Second, there is a high number of species (10) whose individuals move to the mangrove Type 1 pattern represents resident and migratory species, while types 2, 3, 4, are migrant and occasional visitors. Two of them (1 and 4) are associated with large numbers of individuals, but only type 1 is directly associated with the reproductive process. Type 4, composed by species whose reproductive activity is not associated with the mangrove, includes the very common and abundant species P. cor6inae-formis, which leaves the mangrove for spawning [10] .
It is known that the reproductive strategy used by fish in estuaries can change geographically, according to the abiotic characteristics of these ecosystems [5] . The strategy most frequently observed at Guaratuba mangrove (multiple spawning, producing of small, numerous eggs, absence of parental care) are associated by Amanieu and Lasserre [3] to the physically controlled environments, suggesting a small influence of predatory activity on the regulation of stock size. Figure 4 shows, schematically, the results obtained in the study of the reproductive activity of fish community living in the mangrove areas of the Guaratuba Bay.
